A CCORDING to a recent review article,1 J~there seems to be some disagreement about what constitutes a transposition of the Taussig-Bing variety, what the criteria for its diagnosis are, and with what certainty this diagnosis can be made during life. There is, however, general agreement that in the eyaiiotic group of congenital heart disease, the various forms of transpositions of the great vessels constitute a well-defined entity as far as their physiology is concerned. The hemodynamics are characterized by the separation of the 2 circulations and the amount of bloodmixing that is allowed between them by the number and size of the additional lesions.
In regard to the anatomic arrangement which may be found in transpositions of the great vessels, it is well known that the degree of displacement of the aorta and pulmonary artery and their relation to each other may vary considerably from case to case. This was early recognized by Peacock, 2 Rokitansky, 3 Lochte, 4 Spitzer,5 and Pernkopf6 and was clinically analyzed by Taussig.7 Among these various forms of transpositions, the TaussigBing transposition is a well-described clinical and anatomic entity. Physiologically, however, the Taussig-Bing transposition is not so fundamentally different from the other types of transpositions as it is anatomically. This is notably true of the other group of transpositions with an overriding pulmonary artery and also of the complete transpositions with large ventricular septal defects. This physiologic similarity may account for the difficulty in the differential diagnosis.
Although there has been no further case
From the Department of Pediatrics, Johns Hopkins University, and The Harriet Lane Home Cardiac Clinic, Johns Hopkins Hospital, Baltimore, Md. reported from this clinic since Taussig and Bing described their original case in 1949,8 a number of cases were reported in the literature ;9-17 indeed there is probably no center in which identical transpositions have not beeni observed. This led to the opinion that the Taussig-Bing transposition is not rare. It is the purpose of this paper to review the Taussig-Bing transpositions that were diagnosed in this clinie and to describe some characteristics that could be helpful in differential diagnosis from the transposition with posteriorly placed pulmonary artery. Furthermore, comparison will be made to some cases published in the literature.
In their first report,8 Taussig and Bing described this malformation as "complete transposition of the aorta and a levoposition of the pulmonary artery." This report described an abnormal physiologic condition associated with a definite pathologic anatomy. There is another transposition of the aorta and an overriding pulmonary artery with a very different anatomic situation. These are the 2 transpositions with which we are concerned. In the Taussig-Bing heart, "the pulmonary artery arose approximately in its normal position, the aorta was transposed; it arose entirely from the right ventricle. There was a ventricular septal defect at the base of the ventricular septum of 1.2 x 0.6 cm. The superior portion of the ventricular septum deviated to the right to such an extent that the pulmonary orifice overrode the septal defect by a few millimeters." In Bing's paper. A. The vessel position in the TaussigBing heart. B. The vessel position in the normal heart. Note that this is not the position in which the heart is placed in the body.
arated the pulmonary artery and the aorta, so that most of the venous blood entering the right ventricle was ejected into the aorta and most of the pulmonary blood from the left ventricle entered the pulmonary artery.
In figure 1 the Taussig-Bing heart and the normal heart are not shown as they are placed in the body. In accordance with the eonieept of Barry and Patten,18 and Walmsley,19 figure 2 shows the position of the normal heart in the body; the position of the TaussigBing heart in the chest is shown in figure 3 . These figures also show the heart as seen in the various projections on x-ray and fluoroscopy. In figure 3 it is evident that in the Taussig-Bing transposition in the anteroposterior position, the 2 vessels are side by side. In comparison with the normal position of the 2 vessels it is evident that they must lie side by side, if "the pulmonary artery occupies its approximately normal place" and the aorta is transposed in such a manner that it comes off the right ventricle.
In the second group of transposition of the great vessels in which there is a transpositioni of the aorta and an overriding pulmonary artery, the relation of the 2 great vessels to each other is very different (fig. 4) . The pulmonary artery does not occupy its "approximate normal place, " but is placed far posteriorly to the aorta. It also overrides a ventricular septal defect. The aorta arises from the right ventricle in this malformation, but directly anterior to the pulmonary artery. Thus, in the Taussig-Bing heart the aorta is transposed and the pulmonary artery overrides the ventricular septal defect in its norinal place, whereas in the latter malformation both vessels are completely transposed in their relation to each other. These 2 anatomieally different transpositions are frequently confused because of the similarity of the history, and the possible similarity in x-ray appearance and catheterization findings.
Case Material
Since the original publication of the Taussig Of the 73 patients reviewed, 14 were accepted as definite Taussig-Bing transpositions (table 1) . Three of these were proved at autopsy (cases 4, 8, 11) . One of the autopsied cases (case 11) was clinically diagnosed without further tests. In the other 2 autopsied cases, the diagnosis was made by angiocardiography during life (cases 4 and 8). In 3 cases the diagnosis was based mainly on the catheterization data (cases 2, 12, 13), in 5 on angiocardiography (cases 1, 7, 9, 10, 14) , and in 3 on angiocardiography and catheterization data (cases 3, 5, 6) . Besides these 14 cases, there were 17 among the 73 cases reviewed in which the clinical diagnosis of a Taussig-Bing transposition was highly probable but in which the diagnosis was iiot established by autopsy, angiocardiography, or cardiac catheterization. Several of these 17 patients underwent thoracotomy for the creation of an artificial atrial septal defect. Observations of the position of the great vessels, which may be made during surgery, are not considered as diagnostic criteria in this report. In addition there TAUSSIG-BING HEART vP PLiew A Figure 2 The normal heart as placed in the body. The lines demonstrate how the shadow of the great vessels is projected upon the x-ray screen in the different views. was 1 autopsied case in which there was a transposition with an overriding pulmonary artery but in which no mention was made as to the exact position of the vessels. Since the specimen has been destroyed, this case cannot be classified definitively.
From the initial 73 cases, 7 were excluded because the diagnosis of complete transposition with ventricular septal defect seemed more likely, and 1 case because of the possible diagnosis of a single ventricle with a transposition. Twenty-five cases were excluded because the data were insufficient to make an absolute diagnosis. There was 1 additional case with a dextrocardia and a transposition similar to the Taussig-Bing heart. This case also has been excluded.
The history, physical, and clinical findings are similar in all 14 cases. Most of the patients were seen at yearly intervals over a period of several years. The age at the first examination ranged from 12 days to 27 years. When last seen, 6 patients were 10 years or older. There were only 3 patients above 15 and 1 patient was 27 at the time of his only examination.
Circulation, Volume XXI, All patients showed eyanosis from birth. Above the age of 1 year all had clubbing. There was only 1 patient with a history of spells of unconsciousness associated with deepened cyanosis. Growth and development were retarded, and exercise tolerance was reduced in almost all of these patients. Thirteen The Taussig-Bing heart as placed in the body. In the right anterior oblique view, appears on the screen from the right to left: chest wall, lung, pulmonary artery, aortca. In the left anterior oblique view from the left to right: chest wall, lung, aorta, p?l1monaryl artery. tered in 5 of them. In the remaining 6, the pulmonary artery was entered and the catheterization data provided significant information for the diagnosis of a Taussig-Bing transposition. As in the original case of Taussig and Bing, there was a large step-up in oxygen content in the right ventricle. The oxygen content in the pulmonary artery was markedly higher than in all other samples obtained. As in the original case, there was a small bidirectional shunt, and the pressures in the pulnonary artery were at systemic levels. The course and the position of the catheter were observed and this provided good evidence for the position of the great vessels. In some cases spot films with the catheter in the pulmonary artery were taken.
To obtain further information, intravenous angiocardiography was carried out in 11 of the 14 patients. This examination was unsuccessful in 1 patient. In 10 patients good evidence of the typical position of the great vessels of the TaussigBing transposition was obtained. The pictures were usually taken in the anteroposterior and right lateral projection. On filling of the right atriumi, there is usually a good demarcation of the atrial septum. A large atrial septal defect was demonstrated in 1 patient (ease 10). In each case there was a good, early visualization of the aorta inimediately after the filling of the right ventricle. As first described by Taussig,7 and later shown in angiocardiograms published by Cooley and Sloan,20 in complete transposition there is usually an absence of the shadow cast of the pulmonary conus of the right ventricle, which shows that the pulmonary artery does not occupy its normal position. This sign was absent in all of these 10 angiocardiograms; in contrast there was a full pulmonary conus in the anteroposterior and lateral views. The right ventricular shadow in the lateral view showed the contour characteristic of a large right ventricle that is pressed against the anterior chest wall. In all of these angiocardiograms the aorta was better opacified than the pulmonary artery. This was so not only because of the origin of the aorta from the right ventricle but also because of the dilution of the contrast medium in the large dilated pulmonary artery, which receives a large amount of blood from the The transposition with posterior pulmonary artery as placed in the body. In all views the aorta is always in front of the pulmonary artery. left ventricle. It is also possible that the muscular ridge that separates the origin of the aorta from the pulmonary artery may not allow a substantial shunt of contrast medium into the pulmonary artery. In the right lateral view the aorta was seen further anterior to its normal position, whereas in the anteroposterior projection the aorta was side by side with the pulmonary artery; (figs. 3, 6, and 7). In case 1, angiocardiograms were taken in the left anterior oblique position that showed the aorta anterior to the pulmonary artery. This is schematically demonstrated in figure 3 . In the Taussig-Bing heart, the left anterior oblique view is the only position in which the aorta is projected anteriorly upon the x-ray screen.
The characteristic appearance of the great vessels as seen in all of these angiocardiograms is also demonstrated in the angiocardiogram of the original case of Taussig and Bing. The angiocardiogram was not published in the first report but is shown in figure 6 . In the original case, the patient died during angiocardiography and these are the only 2 There is probably no difference in the incidence of associated lesions in complete transpositions and in the Taussig-Bing transposition. The most common one is atrial septal defect; coaretation of the aorta has also been reported. An atrial septal defect is usuallv easily demonstrated on lateral angiocardiograms. In the present series there was no case with a coaretation of the aorta.
The pulmonary vascular lesions were carefully studied in 2 of the autopsied TaussigBing hearts and in 2 of the cases with posteriorly placed pulmonary artery. Both TaussigBing cases had medial hypertrophy and intimal proliferations and one had "dilatation lesionis" similar to those described by Heath 
